Background: Iron deficiency anaemia (IDA) remains the most common cause of anaemia and is frequently secondary to occult gastrointestinal blood loss requiring further investigation. The study was designed to prospectively assess the adequacy of investigation of IDA and to establish whether a simple computerised prompt would increase the completeness of investigation of patients presenting to their general practitioners. Patients and methods: All men aged >20 and women aged >50 newly found to have a probable IDA (n=431) in primary care were randomised according to general practice (n=89) to one of two computer generated prompts, by the haematology laboratories in two large district general hospitals. Data were collected 12 months after the index date. The primary outcome measure was the adequacy of investigation of the cause of anaemia. Multiple logistic regression was used to analyse each binary outcome. Results: Two hundred and three (47%) of 431 patients presenting to their general practitioner with an IDA were adequately managed and 140/357 (39%) of patients who were otherwise fit for investigation had no tests at all. Twenty one (17%) of 125 patients who did have adequate investigation at the time of presentation were found to have colorectal cancer. Only 30% of patients had a confirmed diagnosis within 12 months.
I
ron deficiency is the most common cause of anaemia and affects about 1% of the UK population a year. 1 It is generally a result of blood loss from the gastrointestinal tract or the uterus and is frequently a sign of serious underlying disease. Consequently, appropriate management requires not only the prescription of an adequate course of iron to replenish iron stores, but also investigations to find an underlying cause in all patients fit and willing to undergo further tests. [2] [3] [4] [5] The response to iron therapy should be monitored to ensure the correct diagnosis, patient compliance, and resolution of the anaemia.
Several studies have examined the management and outcome of iron deficiency anaemia (IDA) in patients referred for specialist investigation, [6] [7] [8] [9] [10] [11] but few studies have looked at the management and outcome of episodes of IDA presenting in the community. [12] [13] [14] An earlier retrospective study in one health district showed that many patients presenting with IDA were not being fully investigated, and as a result some cases of serious disease were being missed. 15 We have therefore carried out a prospective study to assess the adequacy of investigation of IDA and to establish whether a simple computer generated prompt would increase the completeness of investigation of patients presenting in general practice. We have examined the effect of the prompt on the treatment and resolution of the anaemia and on the clinical outcome at 12 months.
METHODS

Selection of patients
The study population comprised men over 20 years and women over 50 years with probable IDA, defined as a haemoglobin level of 120 g/l or below (men) or 110 g/l or below (women), together with a mean cell volume of less than 82 fl in district 1 or 78 fl in district 2 and red cell count not exceeding 5.5 × 10 12 /l (the blood autoanalysers used by the two hospitals had different normal ranges). Women under 50 years were excluded because the management of IDA in the reproductive years differs from that in later years due to the high incidence of menstrual blood loss contributing to the anaemia. Patients who had been found to be anaemic within the previous 12 months or with known abnormal red cell indices such as those due to a haemoglobinopathy were excluded.
Practice selection, randomisation, and intervention procedure One hundred and twelve general practices that had sent full blood count requests to the two hospital laboratories in 1996-97 were included. The general practices were in two adjacent health districts and all had direct access to both radiology and endoscopy services.
Practices were randomised after first being stratified by district and by practice size. Randomisation was carried out independently by a third party using random number tables and blinded to the practice details.
Following identification of a patient from their blood indices, the laboratory computers in each hospital were programmed to print the appropriate prompt allocated to that All previous comments on report forms were withdrawn 12 months before the trial commenced in June 1997 and the prompts continued to be printed for six months after it closed in March 1998.
Access to relevant information
Data collection started in September 1998. Permission to access relevant medical records was requested from general practitioners by letter, outlining the aims of the trial and confirming approval of the study by the local research ethics committees and the local medical committees. Three practices subsequently requested patient consent, which was obtained from five of seven patients. Access to the records of deceased patients was obtained from the two health authorities, and hospital records were also used where necessary. All data were gathered a minimum of 12 months from the date when the anaemia was first detected and entered into an Access database.
Outcome measures
The primary outcome measure was adequate management, instigated within three months of the incident anaemia. This was defined as any of the following:
• A satisfactory upper and lower gastrointestinal investigation.
• A single gastrointestinal investigation which showed cancer, a bleeding ulcer, coeliac disease in men under 50, or extensive diverticular disease in patients over 75 with no upper gastrointestinal symptoms.
• Other investigations (for example, gynaecological, renal) revealing causative pathology.
• Documented causative pathology (for example, menorrhagia) • No investigation because unfit or died before planned investigation completed. Patients who had a single gastrointestinal investigation without significant pathology, or no investigation and no documented reason, were classed as "not adequate", as were those who refused. All clinical diagnoses which may have contributed to the anaemia were recorded.
As a secondary outcome measure, data on the dose and duration of therapy with iron were recorded along with any blood count requested within six weeks of the anaemia and the last haemoglobin level within the 12 month follow up period.
Calculation of sample size
Initial calculations were based on the results of the previous study and the primary outcome measure of the trial. We assumed that approximately 50% of patients in the control arm might be adequately investigated, with a possible increase to 70%. The sample size was increased to allow for clustering, using a cluster size of 3-4 and an intracluster correlation factor of 0.05. 16 In addition the sample size was increased because a possible 20% of patients would not be fit for investigation due to age or comorbidity. These calculations indicated that a sample size of 180 per trial arm would be sufficient for 90% power and a 5% significance level.
Statistical analysis
Data files were analysed initially with Access and SPSS (version 10). Random effects logistic regression (Stata, version 6) was used to analyse each binary outcome at the patient level, taking into account that the unit of randomisation was the practice.
RESULTS
Study sample
Initially, 603 patients were identified in 89 practices, as shown in fig 1. One hundred and thirty four patients did not meet the inclusion criteria when their records were reviewed; 112 had had an episode of anaemia within the previous 12 months and 22 were women aged under 50 or had received an incorrect prompt for their practice. A further 38 sets of notes were unavailable. Table 1 describes the baseline characteristics of the 431 patients included in the analyses.
Investigation into the cause of the IDA Table 2 illustrates the investigations undertaken to establish a cause for the anaemia. Upper gastrointestinal investigations include upper endoscopies (120, 54 with duodenal biopsy) and barium meals (11) . Lower gastrointestinal investigations include barium enemas (131), colonoscopies (15) , flexible sigmoidoscopies (17) , and rigid sigmoidoscopies (32). In those patients having only a single test, the prompt did cause a trend towards lower tract investigation; in the control arm 26 patients had upper tract investigations and 21 lower investigations, whereas in the intervention arm only 10 had upper and 42 had lower bowel studies. However, using our criteria for adequate investigations, the prompt did not improve the management of patients as 100/204 (49%) patients in the control group had adequate investigation, compared with 103/227 (45%) in the intervention arm (odds ratio 0.88, 95% (7) 73 patients excluded from data collection: Previous anaemia (58) Incorrect prompt (15) confidence interval (CI) 0.60 to 1.29, p=0.52; see table 2); 140 (39%) patients who were apparently fit were not considered for investigation at all.
Iron prescription and follow up Table 3 illustrates the effect of the prompt on the prescription of an adequate course of iron therapy. The data refer to documented evidence of a prescription for iron and exclude six patients who were told to buy iron over the counter. The initial prescribing of iron, and in an adequate dose, was significantly improved following the prompt but there was no effect on the further monitoring of the blood count or on having a normal haemoglobin documented within the subsequent year.
Clinical outcomes at 12 months Table 4 shows the pathology to which the IDA was attributed, 12 months after the date of the anaemia. One hundred and twenty eight patients (30%) had a confirmed pathology likely to have contributed to the anaemia, with no difference between the trial arms.
Of the 54 cancers identified, 41 were in the gastrointestinal tract. Six of the nine patients with gastric cancer had an upper gastrointestinal investigation and one had upper and lower. One died before investigation, and further investigation was not thought appropriate for another.
Of the 32 lower gastrointestinal cancers, two were recurrent tumours at the time of the IDA. Twelve patients had lower gastrointestinal investigations only and 10 had upper and lower; one patient died before investigation, one refused investigation, two were considered unfit, and four had no investigations at the time. One patient had had upper and lower investigations but the enema was noted to be unsatisfactory and it was suggested that if the anaemia recurred a repeat was indicated. Overall, 29 of the 41 gastrointestinal cancers (22 lower, seven upper) were found as a result of satisfactory gastrointestinal investigations.
Sixty six patients died within a year of the diagnosis of anaemia, including 21 from gastrointestinal cancer, six from other gastrointestinal disease, and six from other cancers. (10) 11 (5) 31 (7) GP, general practitioner; NSAIDs, non-steroidal anti-inflammatory drugs. *Care during the first three months after identification of the anaemia: GP alone = all treatment and investigations managed by GP; shared = GP care with non-urgent referral to hospital; hospital = urgent/immediate admission and outpatient care. 
DISCUSSION
Overall the management and follow up of patients presenting to their general practitioners with IDA is suboptimal with a quarter of patients otherwise fit for investigation having no consideration of further tests at all and 40% not having a normal haemoglobin recorded within 12 months. A computerised prompt for the management of patients with iron deficiency anaemia resulted in a small but significant improvement in the initial prescribing of iron but failed to improve the follow up and adequacy of investigation undertaken to find its cause. We consider that the levels of haemoglobin, mean cell volume, and red cell count chosen were reasonable indicators of iron deficiency and that patients should have been managed accordingly. The mean cell volume was chosen rather than the mean corpuscular haemoglobin as this is the index general practitioners would use to define the type of anaemia. We did not require confirmation of iron deficiency as a normal serum ferritin should not preclude further investigation of a hypochromic microcytic anaemia. The prevalence of haemoglobinopathies is small in the districts concerned and patients with a previous anaemia within the year were ineligible, thus excluding the majority of cases of anaemia of chronic disease.
Our patient population differs from those of most other studies which have looked at outcomes of patients with IDA referred to hospitals, [6] [7] [8] [9] [10] [11] as it includes patients who were unlikely to benefit from investigation (91/431, 21%) including patients who refused tests (33/431, 8%).
Patients who have accepted hospital referral are generally prepared to be investigated, and comparisons between expected levels of investigation in our study and those of hospital patients must take this into account. Although we classed refusal of investigation as an inadequate outcome, some general practitioners had evidently tried hard to persuade their patients of the need for investigation.
In developing our criteria for determining adequate management, we allowed for comorbidity of the patient, as far as that could be assessed from the notes. We included investigations resulting in a diagnosis of extensive diverticular disease in elderly patients without upper gastrointestinal symptoms as satisfactory, because our prompt had suggested excluding a colorectal cause and many general practitioners would not feel it necessary to proceed to other investigations after receiving this result. The standard of reporting of investigative procedures by hospital clinicians was extremely variable, rarely mentioning a possible cause for the anaemia, and on several occasions will have influenced the general practitioner not to proceed with further investigation, although serious disease had not been excluded. Using our criteria, the prompt had no effect on increasing the proportion of patients adequately investigated.
The prompt did improve the initial prescribing of an adequate dose of oral iron, but subsequent monitoring and duration of therapy were not influenced, with only 30% of patients having a repeat count within six weeks and only 60% a normal haemoglobin recorded within the year. Patients' non-compliance with iron therapy or follow up visits may have contributed to these low levels of monitoring and resolution of the anaemia. 17 Pathology laboratories are well placed to issue simple computerised prompts to assist with further management of patients. A simple message has been shown to influence general practitioner referrals for radiology, 18 and there have been numerous other reviews of guideline implementation which show that different interventions will be appropriate for different contexts. [19] [20] [21] [22] Other studies have considered the lack of uptake of guidelines by general practitioners and suggested key criteria for improving their use including brevity, simplicity, and ease of retrieval. [23] [24] [25] [26] Our prompt was simple and presumably readily available at the first follow up after the presentation with the anaemia, when it did influence the prescription for iron. However the lack of referral to the original form after the first follow up and possible lack of a clear management plan in the case record may have contributed to the lack of influence on subsequent management, including further assessment of the haemoglobin level after treatment.
Twelve months after the incident anaemia only 128/431 (30%) patients had a confirmed diagnosis that may have contributed to the anaemia. The small number of patients (5) with coeliac disease detected reflects the small number of duodenal biopsies performed even if a gastroduodenoscopy was carried out. In 1997 the number of requests from general practitioners for gliadin and endomysial antibody tests for coeliac disease was insignificant. Other studies of coeliac disease have shown a prevalence of 3%-5% in an IDA population and suggest substantial underdiagnosis. 27 28 Twenty one of the 30 new colorectal cancers diagnosed within 12 months were found in the 125 (17%) patients who had adequate gastrointestinal investigations when the anaemia was found, giving a prevalence similar to other studies of patients with IDA. 6-9 29 A number of patients who had partial or no investigation of the anaemia were later found to have cancer.
Our study is the first large community based project to show that 50% of cases of IDA are managed solely by their general practitioner, but the standard of treatment and follow up is not improved by a decision support system which had only a transient effect on clinical behaviour. It also raises serious concerns about the understanding among many general practitioners in our local health districts of the significance of IDA in men and older women. Other ways of influencing this and patient outcomes need to be considered in order to improve the early diagnosis of colorectal disease and reduce the morbidity associated with chronic anaemia. We plan to extend the follow up of all patients without a confirmed diagnosis, with particular reference to subsequent diagnoses of cancer.
